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Post-Operative Pyrexia
By WILLIAM TOWNSLEY, M.B., B.CH
House Surgeon, Royal Victoria Hospital, Belfast
ON examining the charts of patients in any surgical ward a rapid rise of temperature
is often noticeable, beginninig usuall) a few hours after operation and lasting one to
five days. This pyrexia follows the majority of operations-not merely in cases
suffering from some inflammatory malacdy requiring operation, but notably in non-
infected cases.
For the purpose of writing this paper I have investigated six hundred surgical
cases-having had personal contact with four hundred-in the wzards of the Royal
'Victoria Hospital, Belfast. The remaining two hundred I studied in the form of
patients' charts in the record office of that hospital. The operations were of many
types, but all were performed on patients who showed no rise of temperature for
several days prececling operation that is, the operations were not performed on
patients suffering from infected coniditions. Thle operations inlclu(led those for goitre,
hoemorrhoids, tumours (carcinoma of breast, rectum, etc.), enlarged prostate, gall-
stones, fractured bones, hy(dronephrosis; they also included herniotomies, gastrec-
tomies, gastro-enterostomies, etc.
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Chart No. 1.
Operation: excision of displaced cartilage of knee. Anasthetic: chloroform and ether.
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Chart. No. 2.
Operation: herniotomy. Anasthetic: local (novocaine).
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Chart No. 3.
Operations: goitre excisions. Anmsthetics: gas and oxygen.
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2 12 HOURSChart No. 4.
Operation: appendicectomy. Anaesthetic: chloroform and ether.
DESCRIPTIION OF CASES.
In the followinig reproductioins of typical charts, it will be noted that a rapid
rise of temperature occurs, either within six hours following operation, or on the
following morning. The temperature usually reaches its maximum on the day after
operation, and then beginis to fall, often more gradually than it rose. The duration
of the pyrexia is one to five days, usually about three days.
On these temperature charts the temperature is registered twicc daily, at 8 a.m.
and 5 p.m., and the majority of the operations were performedi between 10 a.m.
and 1 p.m.
THEORIES OF CAUSATION.
One thinks of se-cral factors whichi, either singly or in combinationi, might give
rise to the pvrexia. They are :-(1) operative trauma, (2) anaesthesia, (3) infection,
(4) physiological reaction, (5) psychic influence.
(1) TRAUMA: After an injury involving damage or destruction of tissue, a rise of
temperature can often be demonstrated which resembles closely that following
surgical interference. For example in a series of eighty-four cases of fractured
bones (femur, tibia, humerus, etc.) admitted to the Royal Victoria Hospital, fifty-
four showed a rise of temperature beginninlg one or two days after injury and
gradually disappearing over a period of four to eight days, or eveni longer-that is,
a rise of temperature occurred in seventy per cent. of cases. None of these patients
suffered surgical trauma or an anaesthetic during the period of pyrexia, or preceding
16it, most of theim being treated w-ith splints (Thomas's, plaster- of paris, etc.) on
a(dmissioni to hospital. lhey wxxere sUbjected to operation, wNhere necessary, only
after at least one w.eek inlhospital. A typical chart of a fracture case with pyrexia
is showsn in fig. 5).
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Chart No. 5.
Fractured femur. No operation, no anesthetic.
In somle cases, immediately following injury, there is a fall of temperature to
96 ; this is quickly followed in favourable cases by a rise of temperature.
For example: A patient is admitted to hospital with a fractured femur, the
accident having happened three-quarters of an hour before. The affected limb is
cold and the patient shocked, with a low blood-pressure and low temperature-
traumatic shock clue to the liberation of histamine following injury is present.
Or again, a patient returns from the operating-theatre in a shocked condition
with a low temperature - surgical shock. In both cases, treatment directed at
alleviation of shock will quickly raise the temperature to normal, and in a few
hours a state of pyrexia will exist. Both of these cases are shown typically in
charts 6 and 7.
Only sixteeni per cent. of cases in the series of fractures of large bones showed a
subnormal temperature on admission.
Febrile reactions can be observed after other forms of tissue trauma, for example,
in cardiac infarction and cerebral hoemorrhage (excluding severe hamorrhage where
the pons is affected and a rapidly climbing terminal pyrexia is found). Tidyl
mentions a febrile reactioni following cerebral hwmorrhage-its onset is twelve to
forty-eight hours after the attack, and it lasts from one to several weeks; it is due
to absorption of blood.
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Chart No. 6.
Fractured femur. No operation, no anaesthetic.
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Chart No. 7.
Operation: goitre excision. Anesthetic: gas and oxygen.
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1020A febrile reactioin following illjury is describedi by se\veral authorities, for
example
Bailev and Love2 -"Aseptic traumnatic fever: this is due to the absorption of
fibrin ferment from extravasated blood and resembles the fever which occurs in any
simple wound." (The aseptic traumatic fever referred is that following a fracture.)
PVe3 :-"An increased temperature is not uncommon for a day or two after
severe fractures, even though there is no compound injury and no infection. The
febrile reaction disappears as the blood clot undergoes absorption."
Tudor Edwards4 :-"The absorption of blood from the pleural cavity invariably
causes pyrexia sometimes as high as 1010.,
Russell Howard,5 speaking of septic traumatic fever, says :-"Slight rise of
temperature, increased pulse-rate and respiration general malaise lasting
twenty-four to forty-eight hours, it is seen in cases of simple fracture with con-
siderable extravasation of blood . . In fever due to mechanical trauma, it is
probable that the toxin is fibrin ferment."
During surgical procedures a certain amount of damage is done to the tissues
and some extravasation of blood occurs into the incised area, even after ligature
of all visibly bleeding vessels and closure of the wound. Hence, tissue damage
must play a major part in the production of post-operative pvrexia.
The relation of post-traumatic pyrexia to biochemical changes in the bo(ld has
been closelv investigate(i by Cuthbertson,6 whose work is quoted fully
"The loss of bod) nitrogen, sulphur, and phosphorus which occurs in the urine
of otherwise healthy individuals, who have received moderate or serious traumatic
injury, w%as observed to begin within a day or two following injurv, to reach a
maximum within ten days, and then slowly decline. There generally occur
parallel increments in the basal consumption of oxygen, body temperature, and
pulse-rate. These phenomena occur in uncomplicated fractures of long bones,
dislocations, effusions into joints, laceration of soft tissues, and surgical incisions
into knee joints. The wasting of muscle and bone caused bv immobilization in
fracture and knee-joint cases was insufficient to account for the whole catabolic
loss. There was in most cases an evident initial depression of metabolism following
injury, followed bv a counter-swing. It is believed that these changes were the
result of the organism catabolizing its reserves to meet the exigencies of repair and
maintenance rather than due to the sweeping out of the disintegration products of
damaged tissues. The period of maximum nitrogen excretion was the fourth to
the eleventh day following injury, generally the sixth day. The catabolic disturbance
is characterised by an increase in basal consumption of oxygen with attendant rise
in pulse and temperature."
In another paper, Cuthbertson7 states that compounds formed from the breaking
up of cellular debris in the fractured or injured area may cause a disturbance in
the normal balance of the body cells, resulting in an imbalance between anabolism
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Chart No. 8.
Acute toxamia following burns. No operation, no anasthetic.
and catabolism. A small febrile rise is occasionally found in cases of injury.
Protein reserves are being catabolized in an endeavour to maintain a constant level
of metabolism following on the earlier and more rapid exhaustion of the carbohy-
drate reserves, and any slight.increase in heat production is due to the specific
dynamic action of the protein."
Wilson8 classifies the reactions of the body following injury into four groups
(with special reference to burns): (a) primary shock, (b) secondary shock, (c) acute
toxamia, (d) septic toxermia. Of acute toxwmia he says :-"It appears to be due
to a toxin formed in the injured tissues. This is a product of partial protein
degradation, and is precipitated with the globtulin fraction." This stage of acute
toxaemia occurs six to twenty-four hours after injury, and is characterized in the
temperature chart which he reproduces by a raised temperature (fig. 8).
It appears, therefore, that pyrexia following injury or operation is due to either
of the following factors: (a) some toxin formed in the damaged tissues-it may
be from blood as "fibrin ferment" (that is, thrombin, a protein euzyme), or it may
be some breakdown product of proteins from the damaged tissues; (b) increased
metabolic disturbance on the part of the body in attempting to repair the injured
tissues; (c) It may result from a combination of toxic and metabolic disturbance.
It must be remembered that many protein substances have a toxic and tempera-
ture-raising effect on the body-bacterial toxins are albumoses, while ricin, abrin,
and vennins are toxalbumins. Protein shock, with a rise of temperature, is produced
by the injection of milk, peptone, or dead bacteria parenterally into the body.
20Serum sickness and anaphylactic shock are similar febrile phenomena, resulting
from the introduction of proteins into the tissues.
In some tumours, apart from the presence of bacterial infection, pyrexia may
occur, and is probably due to the absorption of products of protein disintegration
or abnormal metabolism. It is recognised also that cardiac infarction may be
attended by some pyrexia-probably the result of the absorption of products of
autolysis from the necrosed muscle. Finally, MacCallum states that it is injury to
cells and consequenit decompositioni of protein which stimulates the heat-controlling
centres.
AN/IESTHESIA.
It is obvious from a considleration of various types of operation and associated
anaesthesia, that the anawsthetic plays only a small and insignificant part-or no
part in the production of the succeeding pyrexia. The followxing table shows
clearlI that (1) the percentage of cases exhibiting a raised temperature and (2) the
extent and duration of the temperature depend on the severity of sturgical trauma,
rather than on the anaesthetic.
It should be IflIeltioci(l that in the following series of cases, operations hav-e been
arbitrarily div-ided into "'major,' "mediumi,'" and' "minor" operations. "'Major"
operations are those with severe oper-ative trauma affecting the tissue. Ihis group
includes prostatectomv, gastrectomv, gastro-enterostomy, herniotomy, cholecys-
tectomy, nephrectomy, syrmpathectomy of. renal artery for hydronephrosis, and
excision of carcinomata of various organs; also goitre. "MIedium" operations are
those in which tissue damage is less severe than in the previous group. The
operations include diathermy excisioIn of tumours of the skin, tongue, etc., insertioln
of radium needles in growths and the surrounding areas, gyrnacological operations,
such as dilatation and curettage of the uterus, cauterisation of urethral caruncle
or infected cervix, also extraction of cataracts and submucous resection of nasal
septum, etc. "Minor" operations are those in which tissue damage is negligible.
They include paracentesis abdlominis, lumbar puncture, pleural aspiration, etc.
A.-Major Operationts.
The rise of temperature is marked and prolonged.
Anasthetic No. of cases Temperature raised in
Chloroform and Ether ... 140 ... 82 per cent.
Gas and Oxygen ... ... 36 ... 83 per cent.
Spinal ... ... ... 30 ... 73 per cent.
Local (Novocaine) ... 16 ... 93 per cent.
Average=83 per cent.
21B.-Medium ^i Operations.
Temperature is small and of short duration.
Anaesthetic No. of cases Temperature raised in
Chloroform and Ether ... .53 ... 25 per cent.
Sodium Evipan ... ... 30 ... 60 per cent.
Local (Novocaine) ... ... 57 ... 65 per cent.
Average=50 per cent.
C.-Minor Operations.
Transient rise of temperature.
Anoesthetic No. of cases Ienperature raise(I in
Local (Novocaine) ... ... 21 ... 14 per cent.
D.-Ana?sthesia, with no Operationi.
Transient rise of temperature.
Anaesthetic No. of Cases Temperature raised in
Chloroform and Ether ... 14 ... 12 per cent.
Spinal ... ... ... 16 ... 25 per cent.
Local 4.. ... ... 48 ... 10 per cent.
.'\verare=la per cent.
E.h-Iramna: No Operationi, no Anwstlietic.
84 Fractures. Temperature raise(d in 70 per cent.
The same types of anwsthetic were common to groups A, 13, C, and D. Yet in
group A, sixteen cases of herniotomy were done under local awesthesia and ninety-
three per cent. developed post-operative pyrexia, while ill group C, twenty-one
cases of lumbar puncture, paracentesis abdominis, etc., were performed under local
anaesthesia and showed a rise of temperature in only fourteen per cent. cases. The
damage to body tissue was much greater in group A.
Again in group A, operation was carried out on one hundred and forty cases
under chloroform and ether anasthesia, and post-operative rise of temperature was
found in eighty-two per cent. cases, while in group D fourteen cases of examination
(no surgical interference) were carried out under chloroform and ether, and a slight
and transient temperature was present in only twelve per cent. of cases.
Again in group E, tissue damage cause(d by fractured bones, uncomplicated by
anaesthesia, operation, or sepsis, showed a rise of temperature in seventy per cent.
of cases in a series of eighty-four fractures.
Some explanation must be offered for the mild and transient pyrexia in a small
proportion (twelve per cent.) of cases in group D, where the patient, for purposes
of examination only, was subjected to chloroform and ether anesthesia, but
sustained no surgical tissue damage. The pyrexia may be due to :-(1) the effects
of anaesthetics on the tissues, (2) increased secretion of adrenaline, (3) psychical
causes, (4) physiological reaction.
22(1) It is kniowin that chloroform ani(l ether may diarnage bodv cells, and produce,
for example, albuminuria. CushnN-9 states :-''Thli kidney appears to be ailected
in a certain proportioni of cases of aiMesthesia, as show,'n by albumlinuria." 'Also,
"Acute yellow atrophy may occur in rare cases, wvhile exeni in ordinary an-esthesia
the damagc to the liver by clhloroform is by no imciais negligiblc.'' And again he
says :-"Nitrogen elimination in the urinie is considerably increase(l, and also
unoxidised sulphur-there is increasedl proteini dlestruction and(i disturbance in
oxidation of the tissues.'' ClarklO states that albumin and(i casts appear in urine in
twenty-five per cenit. of cases after ether an.esthesia.
This destruction of tissue may give rise to cellular toxiins, whiclh act like those
pro(lucc( after (lirect trauma, as in fractures, or operationis, andl so give rise to
pyrexia, but in a much smaller percentage of cases and( in lesser (legree.
(2) An attractive hypothesis is that which may' be based on the fact that
anoesthesia increases a(drcnalinie secretion, and(i 3cattiell has told us, following his
work on hypothalamic stimulation, that increased adrenaline secretioni causes a rise
in temperature (because adlrenalinle dilates vessels in muscles, and the continuous
release of small quanitities of adlrenialinie is responsible for the pro(luction of heat,
necessar) to maintaini body temiiperature, in the muiscles).
Psychical and( physiological causes wxill be consi(lere(d later.
INFEC'TION.
Infectioni plays no (lefinite part in the onset of pyrexia. 'Ihe rise of temiperature
is often present six hours after operation, or on the follow%-ing morning, hence
bacterial multiplication andcl invasion could not have occurred in that short space
of time.
Infection of the wound itself certainly plays no part, for it is still clean and free
from inflammatory re(dniess aincl pus. \V'hen woun(l infectioni does occur, it is only
after the lapse of several days that pus is seeni, that is, after the primary pyrexia
has settled downn. A new aandl greater swing is now noticecl oni the temperature
chart, and this new rise of temperature usually follows an apvrexial interval, or is
superimposed on the dlisappearinig "tail" of the aseptic traumatic pvrexia. The
same applies to pvrexia (lue to true bronchitis or pneumoniia. Charts 9, 10, anld 11
are self-explanatory.
I have examined dav by da(, before atnd after operatiotn, the lungs of forty-two
patients who had major operations under chloroform and ether anzesthesia, and(
found the following facts:
(1) In tw%enty-five cases (sixty per cent.) there were no adventitious sounds or
other evidence of pulmonary trouble following operation (i.e., no bronchitis or
pneumonia), andl v-et twenty-four out of these twentry-five showed post-operative
pyrexia.
(2) Seventeen had rhonchi and(I moist rnlles followiing operationi (four of thcse had
adventitious sounds before operation) and a raised temiiperature, but the rhonchi
and rales persistedl for many day's after the temperature had regained normal limits,
the average duration of temperature being three days.
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Chart No. 9.
Operation: nephrectomy. Anasthetic: chloroform and ether.
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Chart No. 10.
Operation: appendicectomy (gangrenous appendix). Anesthetic: chloroform and ether.
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Chart No. 11.
Dislocated shoulder. Three separate anesthetics: chloroform and ether.
1. Manipulation: no rise in temperature.
2. Manipulation: no rise in temperature.
3. Operation: post-operative pyrexia.
A secondary septic pyrexia, due to wound infection, is superimposed on the disappearing
primary aseptic (traumatic) pyrexia.
If these physical signs had represented a bronchitis due to bacterial invasion,
and not merely ani increased secretion of mucus due to chemical irritation, the
pyrexia woul(l surely have been more prolonged. Clarkl2 states :-"Ether
bronchitis occurs in ten per cent. of cases." Yet the pyrexia occurs in eighty per
cent. to ninety per cetit of cases. Therefore bronchitis plays little or no part in
its actiology.
Again, this high inicidlence of pyrexia is present after all forms of anaesthesia,
not merely after "irritant" vapours like ether or non-irritant inhalations like gas
and oxygen, but also after intravenous sodium evipan or pentothal and local
anaesthetics. It is also present after all types of operation, not only after upper
abdominal oncs which might damage tlle ltungs bNr immobilizing them.
PHYSIOLOGICAL REACTION.
A fall of temperature anid blood-pressure are said to occur during surgical
operations ani(l anmesthesia, the result of histamine shock. It may be that (a) the
lowered body temperature during operation (the result of some degree of shock)
causes an increase(I secretion of thyroxine, which subsequently raises body meta-
bolism andl temperature for a few dayrs following operation, or (b) that the
subsequent pyrexia is an] uinexplained phNysiological "swing of the pendulum."
PSYCHICAL CAUSES.
"Nervousness" following injury or operation may possibly cause the pyrexia in
a few cases, but there is no evidence to prove this.
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ISUMMARY.
(1) After accidental or surgical trauma an aseptic pvrexia occurs-it is of rapid
onset and short (duration.
(2) The pyrexia occurs independently of the presence of ana,sthesia or the type of
anawsthetic. Therefore anaisthesia plays little part in its production.
(3) The pyrexia appears to depend mainly on the extent of tissue damage aned
effusion of blood into the tissues, and is due to toxic products of tissue breakdlown,
including blood, and to increase(d metabolic (listurbance attempting to repair the
cellular damage.
(4) The toxins (leriveci from blood and(i cellular (lebris are probably protein
derivatives.
I wish to thank Mr. H. Stevenson, F.R.C.S.I., for permission to examine his
patients, the majority of the patients concerne(l being undfer his care. Also Mr.
C. J. A. Woodiside, F.R.C.S.l., for suggestions and advice.
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INTRAVENOUS UROGRAPHY
tIHE new organi;C iodinIe ComPOu11nd mainl1 use(I as a contrast medium in intravenous
Lirography and(i other radiographic investigations is now being maniufacture(d in
(Great Britain by Messrs. Maxv & Baker, Ltd., undler the registered name of UROPAC.
TIhis preparation - the disodlium salt of 3 :)-(i-iodlo-4-pyvri(lox\lI-N-meth l-2 :6-
dicarboxvlic acid-is loxv in toxicity, and the rapiditN, with which it is excreted by
the kidneys ensures complete safety in use. Previous to the outbreak of xvar, the
drug was not produced in this country. Now supplies of it are available as a
British pro(luct in the form of UROPAC.
A specimeni of the UROPAC booklet has been sent to us by 'Messrs. Pharmaceutical
Specialities (May & BIaker), Ltd., Dagenihamii, who, xve understand, will be glad to
forward a copy onl reqluest to any) member of the me(dical profession.
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